[1] At the time of the solar flare on the Bastille Day of 2000, the Ulysses spacecraft was at 3.17 AU from the Sun, 62°south in heliographic latitude, and 116°in longitude east of the Earth. Solar wind and magnetic field measurements by Ulysses indicate that the coronal mass ejection (CME) of this event had a limited size in both latitude and longitude, although it was a halo CME as seen in the Solar and Heliospheric Observatory coronagraph images. The event produced large fluxes of energetic particles up to energies >100 MeV at both Ulysses and the Earth. Enhancements of energetic particles were immediately observed at the Earth, with their onset times consistent with the velocity dispersion due to the streaming of particles along magnetic field lines from the location of particle acceleration in the corona to the Earth. To the contrary, at Ulysses, the energetic particles from the solar event were not detected until 4-11 hours later, and the increases of particle intensity were much more gradual. The onset times of particles in different energy channels were not organized by particle speed; rather they depended on both particle rigidity and speed, indicating that the transport of particles to Ulysses at high latitudes had a diffusive nature. The first-order anisotropy in the 40-90 MeV proton flux was significantly larger than what is expected from the Compton-Getting effect for many hours after the onset. The direction of the first-order anisotropy was not along the projection of local magnetic fields onto the scan plane of the detector and it was not affected by the polarity of the field either, indicating that the particles did not arrive at Ulysses through propagation along magnetic field lines and rather much of the anisotropy was produced by cross-field diffusion in the presence of a cross-field density gradient pointing toward the low latitude direction. All these observations are consistent with easy particles transport across the mean heliospheric magnetic fields. The apparent difficulty for the theory is that the observations require a cross-field diffusion that is too fast to be explained by random walk of field lines due only to supergranulation.
Introduction
[2] Energetic particles from $1 MeV to a few GeV observed in the heliospace may come from various acceleration sources. They may be galactic cosmic rays, anomalous cosmic rays accelerated by the termination shock, energetic particles accelerated by interplanetary shock, or solar energetic particles accelerated either by coronal mass ejection (CME) shocks in the corona or by the solar flares. Since most of the energetic particles observed by spacecraft are not produced locally, the observations of these particles contain propagation effects because they must travel in the heliospheric magnetic field from their source location to a spacecraft. Thus these energetic particles can be used as remote sensors for studying the structure of heliospheric magnetic fields.
[3] Previous studies from Ulysses measurements (see reviews by McKibben [2001] and Lanzerotti and Sanderson [2001] ) found that energetic particles can transport across heliospheric latitude and longitude quite easily. During Ulysses' first encounter with solar polar regions in the 1994 -1995 solar minimum, it was discovered that the energetic particles accelerated by low-latitude corotating shocks can appear above the solar poles and the intensities of both galactic and anomalous cosmic rays over the poles are still modulated recurrently by the passage of the corotating interaction regions (CIRs) at low latitudes. If the heliospheric magnetic fields obey the Parker model, the Ulysses observations indicate that energetic particles must be able to move across magnetic field lines very easily. In fact, the required cross-field transport is too fast to be explained by the observed levels of magnetic turbulence in the solar wind. Two alternative models for the heliospheric magnetic field have been put forward. Jokipii and Parker [1969] suggested that magnetic field lines are moving constantly due to the supergranulation on the Sun and as the magnetic field is carried out radially by the solar wind the trajectory of magnetic field lines in the interplanetary space exhibits behaviors of random walk in both latitude and longitude (braided field lines). Locations in the heliosphere at different latitudes may be connected by a field line by chance. Particles following magnetic field back and forth can then move to different latitudes quite easily. Evidence for such a process was found by Mazur et al. [2000] . Fisk [1996] , on the other hand, suggested that heliospheric magnetic field lines might be undergoing systematic motion in latitude due to the differential rotation of the Sun. Over a period of about a few months, the latitude excursion of field lines can be several tens of degrees. This means that a location at high latitude (e.g., Ulysses) may be connected by a magnetic field line to a low latitude region of the heliosphere at large radial distance ($15 AU). In this model, Ulysses saw recurrent CIR-accelerated particle and cosmic ray modulation because it was periodically connected by magnetic field lines to a distant CIR.
[4] Solar energetic particles can be used to test the models for heliospheric magnetic fields. According to the current paradigm [Reames, 1999] , small impulsive solar energetic particle events are related to solar flares, while solar energetic particles in large gradual events are produced by shocks driven by large CMEs. In many events when both solar flare and CME shock are present, one can often observe a mixture of particles from various origins [Cliver, 1996] . Because the CME shock is more extended than solar flare, the source of particles may not necessarily be located at the flare site and sometimes sites of particle acceleration in the corona can be located far from the flare region, due to magnetic reconfiguration in the earliest stages of CME development. Nevertheless, for many events the source location of solar energetic particles can be known more or less from coronagraph or other observations, so they are suitable for studying the mechanism of particle propagation in heliospheric magnetic fields. Mazur et al. [2000] recently found with measurements by the ACE spacecraft that the intensities of solar energetic particles from impulsive solar flares have short timescale ($3 hours) dropouts occurring simultaneously across all energies. This feature is caused by the convection of magnetic field tubes passing the spacecraft that are alternately filled and devoid of particles from a small impulsive flare on the Sun [Giacolone et al., 2000] . They argued that this is an evidence for the mixing of interplanetary magnetic field lines due to random walk of field in the solar atmosphere. Solar energetic particles from large gradual events do not show the dropout because the size of the sources (i.e., CME shocks) is too large.
[5] In this paper, we report the behavior of solar energetic particles produced in the particle event on the Bastille Day of 2000. We study the propagation of solar energetic particles from the large gradual event by using simultaneous observations at Ulysses and the Earth, which were separated substantially in heliographic latitude and longitude at that time. By comparison of the time profiles of energetic particle intensities observed at the two locations we discuss its implication to the mechanisms of particle transport in the heliospheric magnetic fields.
Observations
[6] We use energetic particle measurements from the High-Energy Telescope (HET) of the Cosmic Ray and Solar Particle Investigation (COSPIN) consortium on Ulysses. Observations at the Earth are taken from GOES, Solar and Heliospheric Observatory (SOHO), and IMP8. We choose GOES measurements to represent the observations of energetic protons seen at the Earth because the flux measurements from this spacecraft did not suffer counting rate saturation due to the presence of high radiation level from the Bastille Day event. Measurements of energetic electrons from GOES are not usable, so we choose to use the electron data from the COSTEP experiment on SOHO. Energetic particle data from GOES and SOHO are provided in counting rates. Because the response (geometric factor) of the instruments on GOES and SOHO is not known to us, we choose to use the data from the University of Chicago charged particle experiment on IMP8 where absolute flux measurements are required for comparison with Ulysses measurements. For details of the instruments, readers may see Simpson et al. [1992] for the HET on Ulysses (available at http://www.sao.noaa.gov/goes/goes.html) for the GOES measurements, Müller-Mellin et al. [1995] for the COSTEP on SOHO, and Garcia-Munoz et al. [1987] for the IMP8 instrument.
[7] We also use solar wind and magnetic field measurements at Ulysses and the Earth (ACE and IMP8). These data were obtained from the National Space Science Data Center (NSSDC).
[8] The locations of the spacecraft and the solar event on 14 July (day 196) of 2000 are shown in Figure 1 as a projection on to the solar wind source surface at 3 solar radii with a solar magnetic field configuration (obtained from Wilcox Observatory) on the background. Ulysses was located at 3.17 AU, 62°S in heliographic latitude, and 116°east from the Earth in heliographic longitude. Also shown in Figure 1 are the foot points on the solar wind source surface of magnetic field lines that pass through Ulysses and the Earth. The foot points are estimated using the Parker magnetic field model with a measured solar wind speed of 600 km/s at the time of the event by Ulysses and IMP8 spacecraft at Earth. We assume that the speed of the solar wind from a fixed solar longitude does not vary SSH drastically over a time period of $8 days during which the solar wind propagates to Ulysses at $3 AU. The foot points do not vary significantly to change the qualitative picture of Figure 1 even if the solar wind speed has an uncertainty of ±200 km/s. The foot point of the field line to Ulysses is actually quite close to the longitudinal location of the flare although they are separated by $80°in latitude.
[9] An X5 solar flare at 22°N 07°W relative to the Earth started at 1003 UT and peaked at about 1024 UT. The circle in Figure 2 represents an approximate size of the CME at the time around 1054 UT [from Maia et al., 2001] ( Figure 2) ; we assume that the shell on the west side of the Sun is a part of the CME heading side way). The CME is a halo CME with its center heading approximately toward the Earth, so its latitudinal and longitude extension cannot be well determined with the Large Angle and Spectrometric Coronagraph (LASCO) C2 coronagraph from SOHO because of the line of sight effect. We use a circle to indicate a rough scale size of the CME at an early phase of the event (up to $1 hour after the onset of the solar flare). The circle is centered at the flare and about 90°in diameter, which may be an over-optimistic number because it is much larger than a typical CME size of 47° [Hundhausen, 1993] . Evidence from Nancay radio observations [Maia et al., 2001] show that the CME did not reach beyond 30°S in early phase of the event. Later in time, because of huge dose of radiation from the solar energetic particles of this event, SOHO was not able to image the solar corona. Thus the evolution of the CME and its shock is not known. Thus one still can possibly argue that the CME may have propagated to the high latitude after the whiteout of the SOHO coronagraph. Radio observations [Maia et al., 2001] continued to observe emissions from the Sun many hours after the solar flare, with some of them seemingly coming from high southern latitude. Such a possibility will be discussed later.
[10] Figure 3 shows an overview of energetic particle, solar wind, and magnetic field measurements obtained at the Earth and Ulysses covering day 195 to day 209 of 2000. Energetic particles at the Earth, both protons and electrons, started to increase almost immediately after the solar event at 1024 UT on day 196, but energetic particles did not show up at Ulysses until several hours later and the increases were gradual compared to 1 AU observation. The peaks of the particle intensities at Ulysses were much smaller and later than those at the Earth. As shown by the solar wind and magnetic field measurements, a shock driven by the CME arrived at the Earth on day 197, with a speed greater than 1000 km/s, but the event did not produce in the next 14 days any signatures such as shock, CME or magnetic cloud at Ulysses. (Some enhancements in magnetic field observed at Figure 3 . Measurements of solar energetic particle intensities, solar wind speed and magnetic field strength obtained by Ulysses and spacecraft at the Earth. The particle intensities are shown in counting rates of the channels responding mainly to the particles indicated in the graph. The magnetic field at the Earth has been scaled down by a factor of 20 for comparison purposes.
SSH
Ulysses on days 203-209 are due to the fact that Ulysses returned to slow solar wind streams after a rarefaction region.) These observations indicate that the CME was not large enough in longitude and latitude to reach the location of Ulysses (see Figure 1 ). Thus this CME was certainly not global in terms of its size to cover the entire solar atmosphere, although it was quite energetic.
[11] There are a few interplanetary shocks a few days prior to and after the solar event [Smith et al., 2001] . Most of the shocks did not produce any noticeable effect on the overall time-intensity profile of the high-energy particles observed at the Earth. The arrival of the shock driven by the large CME associated with the 10:23 flare at Earth caused some increase in particle intensity, but the effect is localized near the shock probably due to trapping or additional small acceleration by the shock.
[12] The behaviors of energetic particle onsets at the Earth and Ulysses are quite different. Figure 4 shows the measurements for days [196] [197] . At the Earth, relativistic electrons started to increase a few minutes after the commencement of the solar flare, high-energy protons appeared later, and then followed by low-energy protons. This is consistent with the velocity dispersion expected for the particles to stream from the Sun to the Earth. It also indicates that there was a direct interplanetary magnetic connection between the Earth and the particle source in the solar corona. At Ulysses, energetic particles started to increase 4 -11 hours after the solar flare. High-energy protons arrived first, followed by relativistic electrons and then by low-energy protons. This observation suggests that the propagation of first-arriving particles from the Sun to Ulysses was not through streaming along field lines, because otherwise the relativistic electrons would have arrived first. The increases of particle intensities at Ulysses were more gradual than at 1 AU. To further test this conclusion, we have plotted in Figure 5 the particle onset times as a function of particle speed. We define the onset time to be the time at which particle intensity is 5 times the standard deviation above its pre-flare background averaged over 12 hours. We have chosen a long enough averaging time interval for the pre-flare background so that its statistical uncertainty is negligible. Then the standard deviation of particle intensity is mainly due to the statistical uncertainty of the counting rate during the accumulation time interval around the onset. The lines are the predictions of particle arrival time assuming they stream along magnetic field lines to the spacecraft. The injection time of particles at the Sun is taken to be 1009 UT, which is in between the commencement and peak of the X-flare. Compared with the predictions, the observed onset times are consistent with the Earth being directly connected to the source of particles on the Sun. The particle onset times at Ulysses appeared much later than the prediction from streaming along field lines from the Sun. In particular, the onset times of the two HET relativistic electron channels at c/v % 1 break the trend of the streaming prediction. On the other hand, since the electrons in the two Ulysses HET channels (3-5 and 5 -10 MeV) have much lower rigidity than the protons, a rigidity dependent transport can be a solution to explain the onset of particle increase at Ulysses. This again suggests that the particle propagation to Ulysses be a diffusive process. In the case of diffusion the onset times of particles should depend on the diffusion coefficient, which often is a function of particle speed and rigidity.
[13] The HET on Ulysses is mounted with its aperture perpendicular to the spin axis of the spacecraft (Figure 6 ), so we are able to obtain some anisotropy measurements for energetic protons in the energy range of 40 -92 MeV (H45 sector rate). We have fitted 8-sector H45 hourly average counting rates with a sum of harmonics up to the second order (see Figure 7 caption). Figure 7 shows the obtained fitting parameters. Substantial first-order anisotropy appears as soon as the counting rate exceeds the statistical threshold for meaningful determination of anisotropy, and its magnitude diminishes very gradually. Possible sources of the first-order anisotropy can be (1) the Compton-Getting effect, (2) streaming of particles along the magnetic field lines or (3) particle density gradient across the magnetic fields. At the energy of the H45 sector channel, the expected maximum anisotropy from the Compton-Getting effect is about 4% for the observed power law spectrum with a slope of about À2 for this event if the solar wind speed is 650 km/s and lies in the scan plane of the detect. In fact, because the solar wind is almost perpendicular to the scan plane (see Figure 6 ), we expect a much smaller Compton-Getting effect. The magnitude of the first-order anisotropy shown in Figure 7 is over 10% for most of the time period and in the early phase it is over 50%. This indicates that the first-order anisotropy appearing in this event cannot come from the ComptonGetting effect. The direction of the first-order anisotropy (È 1 ) is not along the magnetic field direction projected onto the spin plane for most of the time during the phase of increasing flux. In particular, for the time period 1200 -2400 UT on day 197, the first-order anisotropy is approximately perpendicular to the projected magnetic field direction. This behavior indicates that the first-order anisotropy cannot come from particle streaming along the magnetic field lines. In fact, because the magnetic field is almost perpendicular to the scan plane of the detector (see the Á Mag panel), we expect a smaller anisotropy even if there is significant streaming along the magnetic fields. A particle density gradient across the magnetic field can produce an off-field first-order anisotropy either through gyromotion effect in which A 1 = r gb Â rn/n (r g particle gyroradius;b unit vector of magnetic field direction; n particle density) or through cross-field diffusion in which A 1 = k ? rn/(vn) (k ? diffusion coefficient; v particle speed). We notice that the direction of the first-order anisotropy does not change when the magnetic field switches its polarity around 0000 UT on day 197. This rules out the contribution from the A 1 = r gb Â rn/n anisotropy unless the gradient of particle density switches to the opposite direction at the same time. The A 1 = r gb Â rn/n anisotropy is expected to be small because the particle gyroradius is be much smaller than the gradient scale of the particle density on the heliospheric size. Therefore, we conclude that there must be a large cross-field diffusion flow that can produce the observed off-field first-order anisotropy. The direction of the diffusion flow is consistent with a particle density gradient approximately pointing toward the low latitude, which is expected from the location of the CME or solar flare of the Bastille Day event. We further notice that at the beginning of the event when the projection of magnetic field is not too much off from the direction of particle density gradient, the first-order anisotropy tends to follow the slowly changing magnetic field; however, once the magnetic field deviates too much (around 1000 UT, day 197), the anisotropy shifts its direction with respect to the magnetic field and revert back more or less to the direction of particle density gradient. Similar phenomenon was observed by Dwyer et al. [1997] , who derived very large k ? /k k ratios from the anisotropy using observations of CIR accelerated energetic particles. The off-field first-order anisotropy disappears shortly after the particle flux reaches its maximum level around 0400 UT day 198. This indicates that the crossfield diffusion may have reached its nearly equilibrium state by that time.
[14] The second-order anisotropy is less prominent than the first-order anisotropy in the early phase of the particle SSH events but it persists for many days into the particle event.
The second-order anisotropy direction is generally along the projected magnetic field direction for most of the time, but some significant deviation from it is also observed for some time periods. A field-aligned second-order anisotropy means a dumb bell distribution that could be a result of particle injection into the magnetic flux tube plus mirroring by magnetic irregularities on the side of the observer. It should be mentioned that the fits to second-order anisotropy do not affect the result of the first-order anisotropy.
Discussion
[15] As presented earlier, although the flare and the CME of the Bastille Day event occurred in low latitude regions of the Sun, substantial fluxes of energetic particles up to E > 100 MeV were detected by Ulysses at high latitudes. This is an important result for the investigation of particle propagation in the heliosphere. The question is how do the energetic particles get to the high latitudes. There are a few possibilities: (1) direct magnetic connection between Ulysses and low latitude regions of the Sun which is based on the Fisk [1996] heliospheric magnetic field model, (2) expansion of the CME shock or other acceleration sources to high latitudes, and (3) cross-field particle transport in the heliospheric magnetic field based on Jokipii's suggestion. Of course, any of these theories must be able to explain the major features of the Ulysses observation, namely, (a) large delays of particle arrival compared to 1 AU, (b) the onset of particles was not organized by the particle speed, and (c) significant cross-field anisotropy of fast particles that can be explained neither by the Compton-Getting effect nor by the A 1 = r gb Â rn/n anisotropy. These observations put very stringent constraints on the theories. Since both explanations (1) and (2) involve particle transport along the heliospheric magnetic field, our observational results, particularly (c), can immediately rule them out. In following discussion we supply additional analyses that can further rule out explanations (1) and (2). We will conclude that only explanation (3) can be fully consistent with our observations.
1. Because both the solar flare and the CME of this event were observed in low latitude regions of the Sun, the most likely source of energetic particles should be produced in this region. Particle observations at Earth confirm a particle source located in the western quadrant at a longitude consistent with the location of the magnetic foot point of Earth. If there is a direct connection by the heliospheric magnetic field, charged particles can propagate along field lines to an observer at high latitude. This may be used to explain why we have observed substantial energetic particle flux at Ulysses. The theory is based on the Fisk [1996] heliospheric magnetic field model. For this theory to work, the latitudinal excursion of heliospheric magnetic field lines must exceed roughly a few tens degrees within 3 AU (or $8 days), which is too large compared to the original Fisk model. But the Sun was at solar maximum in 2000 as opposed to the condition of solar minimum in the original Fisk model; it is possible that one can extend the Fisk model to the solar maximum condition to get a larger latitudinal excursion of magnetic field lines. Details have yet worked out. However, some difficulties may come from magnetic field measurements, because, with such a large systematic latitudinal excursion of magnetic field lines, there should be a latitudinal component in the heliospheric magnetic field Assuming that the heliospheric magnetic field lines can make very fast large latitude excursions and energetic particles can propagate to the spacecraft at high latitude through this propagation mode, one would expect to see particles streaming (first-order anisotropy) out from the Sun along the magnetic field and onset time of particle flux increases consistent with the prediction from particle streaming along the field lines. These, however, are not what were observed. Instead, particle increases were delayed for several hours depending on their rigidity, and the particle flows were not along the magnetic field. The delay suggests that the mean free path of particles along the magnetic field must be small, so that the particles are sufficiently scattered before they reach the spacecraft because the velocity dispersion of the onset times of particle increases has clearly been broken ( Figure 5 ) as it is particularly the case for the relativistic electrons.
We solve the focused transport equation numerically [Roelof, 1969; Hatzky and Kallenrode, 1999] and we compare the observed time profile of proton fluxes to the model calculation in order to derive the particle mean free path. In the model calculations, we assume that the particles are initially injected on the solar surface at the time of peak flaring as a delta function, which is most likely to be true for high-energy (E > 100 MeV) particles because the CME shock and the magnetic field are strong enough to accelerate particles above this energy in the low corona. The particles propagate along the spiral magnetic field lines to the spacecraft. Because the Fisk heliospheric magnetic model only makes slight changes to the strength of the magnetic field and to the length of the field line, we still use the Parker magnetic model with a solar wind speed of 600 km/s as an approximation in the calculation. Uncertainty of the solar wind speed in the interplanetary space between the spacecraft and the Sun does not introduce much uncertainty to the calculation of field line length, simply because the field line hasn't been tightly wound. We assume that the pitch-angle diffusion coefficient is independent of particle pitch angle. The particle mean free path parallel to the magnetic field, which is directly related to the pitch-angle diffusion coefficient (see Roelof, 1969) , is taken to be dependent on the spatial location as
], where r is the radial distance, q colatitude, the angular speed of solar rotation, and V sw the solar wind speed. Such a choice of particle mean free path coincides with a constant mean free path in the radial direction, i.e., l r = l 0 . In Figure 8 we display the result of our model calculations in comparison with the observations obtained by GOES (Figure 8a ) and Ulysses (Figure 8b) . A constant radial mean free path of 0.083 AU can fit the ramp-up as well as the decay phase of particle intensity seen at the Earth quite well (Figure 8a) , We try to fit the overall time-intensity profile of the event in high energy particles, which can only be produced by large CME shocks in the solar corona such as the one at 1024UT. Small bumps in the particles intensity are produced by the presence of interplanetary shock near the spacecraft, so we ignore those small features. For the observation at Ulysses, however, we have to reduce the radial mean free path by 10-20% in order to fit the ramp-up part of the intensity time profile. This means that particle transport to the same radial distance is slower at high latitude than at low latitude. The parallel particle mean free path at high latitudes has to be even smaller compared to the one at low latitudes at the same radial distance, because the magnetic field line at high latitudes is more radial. The difference of the parallel mean free path between high and low latitudes increases with the radial distance from the Sun. The poor fit to the decay phase of particle intensity at Ulysses probably indicates that the parallel mean free path at high latitude has to be adjusted to a higher value for large radial distances. But even so, we find that the mean free path at high latitudes is significantly smaller than at low latitudes. If we choose a mean free path that is inversely proportional to the strength of magnetic field, we get even a smaller mean free path at high latitudes. Models calculations with constant parallel mean free path derive a parallel mean free path at high latitudes at least 50% (much) smaller than at low latitudes, and besides, these models cannot produce good fits to the ramp-up and the decay phase of the intensity time profile simultaneously under any choice for the value of the mean free path. A small mean free path indicates that the heliospheric magnetic field has high fluctuation at high latitudes, which can be possible depending upon the condition of the solar corona. Analysis of magnetic field measurements by Ulysses and by a spacecraft in the Earth orbit might be helpful for further study.
2. If the heliospheric magnetic field cannot make fast large enough latitudinal excursion or there is no direct magnetic connection to low latitude regions of the Sun, one possibility is that the energetic particles can come from high latitude regions of the Sun by propagation along field lines. This requires that the CME shock propagate to the latitude of the foot point of the field line to Ulysses in a short time (a few hours). The coronagraph measurement by SOHO cannot rule out such a possibility. Numerical simulations by Riley et al. [1997] have shown that such a latitudinal propagation of CME shocks is possible although the simulations did not tell how fast the CME shock can reach high latitudes. Because the shock comes into the field line connecting to Ulysses late, the delay of particle onsets can naturally be explained by the propagation time needed for the shock to reach high latitude. , where C 0 is the spin average counting rate (bottom panel), A 1 and A 2 are the amplitude of first and second-order anisotropies and È 1 and È 2 are the direction of the anisotropies to the X axis of spacecraft despun coordinate system. For comparison with the anisotropy direction (the solid circles with error bars), the projection of the (5-min average) magnetic field direction on to the plane vertical the spin axis of the spacecraft is shown by both the plus symbol for B and the minus symbol for ÀB. The horizontal lines in the È 1 and È 2 panels indicate the direction pointing towards the low latitude. The Á Mag is the elevation angle of magnetic fields to the scan plane of Ulysses HET.
It is unlikely that given a flare occurring at 22°N its CME can reach 62°S, because according to Hundhausen [1993] most CMEs are smaller than 47°in latitude. From the LASCO coronagraph observation (Figure 2 ) and Nancay radio observations [Maia et al., 2001] , the CME and its associated shock seem unable to reach a latitude beyond $30°south in the early phase of the event. The solar wind and magnetic field measurements on Ulysses have put a limit on the final size of CME shock. Let's assume that the $4-hour delay of particle onset is entirely due to the time needed for the shock to propagate from the edge of CME (roughly 30°S) to Ulysses at 62°S. During that time the CME moves to 37 solar radii at a radial speed of $1800 km/ s. Then the average speed of latitudinal propagation is about 470 km/s. This is a large speed and its effect should be observable by speed wind measurements in other similar events, but this has never been reported. The acceleration of solar wind plasma in the latitudinal direction to this high speed is difficult to be explained by the MHD theory because in the absence of volume expansion in the latitudinal direction the pressure gradient of plasma may not be large enough. Detail modeling of shock propagation near the Sun is needed for further study.
Suppose that the shock can propagate to high latitudes in this short time. We can use the focused transport theory to model the particle propagation as we presented earlier in Figure 8 . This analysis can be done by shifting the particle injection to a time later than the peak flaring at 1024 UT. We find that it is difficult to fit the observed time-intensity profile in Figure 8b simply because if the try to fit the onset part we cannot get the right peak time of the intensity profile. For example, if we choose to fit the peak of intensity time profile to the model calculation with l r = 0.083 AU, we have to delay the particle injection by 2 -3 hours; then we found the onset of particles at Ulysses are significantly too early compared to the model. Using different spatial dependence of the mean free path gives the same conclusion. We can choose a model with some continuous particle injection functions to take into account the outward propagation of the shock. The effect of this is essentially the same as delay of particle injection. In order to fit the Ulysses observation we have to input smaller particle injection when the shock is near the Sun, which seems to be unrealistic because the shock and magnetic field is stronger near the Sun where it can accelerate more particles to E > 100 MeV. Since the onset time of particles is much shorter at the Earth than at Ulysses, the delay of particle injection results in more increase of particle mean free path at low latitude than at high latitude, which is the same conclusion as the simpler model with delta particle injection. Various model calculations suggest that particles are most likely to be injected at 1024 UT, the time of the peak solar flare. The flare at that time is very energetic and the associated CME is fast, so its shock is more likely to be able to accelerate particles to very high energies.
In addition, it is possible that there are subsequent highlatitude CMEs during the Bastille Day event. There is some evidence for high latitude activities in the Nancay radio data [Maia et al., 2001] . These radio events are rather small, so we do not think they are energetic enough to produce the high-energy particles we are discussing here. With similar analysis we found it is difficult to fit the focused transport model to the ramp-up part of the particle intensity profile if these subsequent events are responsible.
3. Since both the above explanations require particle propagation along the magnetic field lines, one would see the first-order anisotropy of particle flux be parallel to the field direction. This is not what we observed, thus completely ruling out the mechanism of particle propagation along field lines. Our observation of anisotropy indicates that there is a large cross-field diffusion flow during the phase of increasing particle flux. The large particle fluxes at Ulysses, particularly those of low-energy particles, suggest that particle transport across latitude must be remarkably easy. While it can be the case that magnetic field turbulence near the Sun could be strong enough during a large solar event to drive fast particle cross-field diffusion, a more widely accepted possibility is that the heliospheric magnetic field lines are braided due to the random walk of field lines in the solar atmosphere [Jokipii and Parker, 1969; Giacolone et al., 2000] so that a small cross-field diffusion by magnetic turbulence may be amplified into a large latitudinal transport. Assuming that Ulysses was 30°a way from the source of particle, we need a latitudinal diffusion coefficient for the random walk of magnetic field line of about 1.5 Â 10 À2 rad 2 /day, which seems to be too large for just the supergranulation on the solar surface (given complete reconfiguration of open field flux on the scale of supergranules ($30,000 km) every 1.5 days, the maximum diffusion coefficient is 6 Â 10 À4 rad 2 /day. Some other mechanisms may be required to enhance the latitudinal transport. For example, Fisk et al. [1999] suggested that magnetic field lines are undergoing continuous reconnection in the solar corona. Because magnetic field lines originating from different latitudes can connect and reconnect constantly, small-scale supergranular motion can result in much faster latitudinal excursion of magnetic field lines at the top of solar corona. In the mean time, such reconnection process in the corona may also increase the random walk of field lines in the Jokipii model.
[16] The delayed gradual increases of particles seen at Ulysses suggest that particle transport from the Sun to Ulysses should be a diffusive process. If we assume it is the cross-field diffusion, the latitudinal diffusion coefficient is k= k ? /r 2 , where k ? is cross-field diffusion coefficient in the spatial coordinate. If we assume that k ? is inversely proportional to the heliospheric magnetic field strength, i.e.,
; then the latitudinal diffusion is more efficient at small radii from the Sun (Figure 9 ). The observation of a significant first-order anisotropy perpendicular to the magnetic field is consistent with the cross-field diffusion. There still exists a field-aligned anisotropy because particle can stream (with defocusing effect) to the spacecraft once they cross the field lines at small radial distances.
[17] Another support for the efficient cross-field transport is evident in this energetic particle event. During the entire decay phase that lasts more than 20 days after day 200, the absolute particle fluxes at Ulysses are roughly the same as (within factor of 2) those observed at the Earth despite of their large separation in location and huge difference in flux at the initial phase of the event (see Figure 10) . Reames et al. [1996 Reames et al. [ , 1997 and McKibben et al. [2001] found that this is essentially true for many large solar events no matter where the spacecraft are located in the inner heliosphere. This phenomenon has also been observed for very lowenergy particles [Roelof et al., 1992] . These observations mean that the fluxes of solar energetic particles in the inner heliosphere can become essentially uniform a few days after an event on the Sun.
[18] We have also used a semi-phenomenological diffusion model by Reid [1964] , modified to accommodate propagation in various dimensions (see Appendix A), to fit the intensity profiles observed at both the Earth and Ulysses. In the case of very small particle mean free path or strong scattering as we concluded from the previous analysis using the focused transport theory, the Reid model can be a good approximation in describing the transport of solar energetic particles in the early phase of the event. With the Reid model, we find that a one-dimensional model fits the observations at the Earth the best while a three-dimensional model fits the Ulysses observation the best (the dark smooth curves in Figure 8 ). The Earth was near the center of magnetic field lines to the particle source, so the transport was mostly driven by particle density gradient along the magnetic field. Particles diffused to Ulysses in 3-D because at high latitude both latitude and longitude gradients were important too in driving the diffusion. The best fits to the model yield a particle injection time at 1025 UT with an error smaller than 1 min for both low and high latitudes. If the particles are injected at that time, they have to be accelerated at low latitude because the shock has not have the time to propagate to high latitudes. This CME shock at that time was very fast in the low corona where magnetic field is strong enough to accelerate particles to very high energies. Thus the particles arrive at Ulysses through crossfield transport. Figure 9 . Scaled latitudinal diffusion coefficient as functions of radial distance from the Sun. It is assumed that perpendicular diffusion coefficient is inversely proportional to the heliospheric magnetic field strength.
[19] Diffusion coefficients can be derived from the fits to the Reid model calculation with an assumption for the path of particle diffusion. Because the Reid model does not include the defocusing effect, the diffusion coefficients derived from the Reid model is larger than derived those from the focused transport equation. If we assume that particle transport is through one-dimensional diffusion along the Parker magnetic field lines, the fits yield average parallel diffusion coefficients of 1.7 Â 10 22 cm 2 /s (equivalent to a mean free path of 0.26 AU for the 100 MeV protons) for the propagation to the Earth and 1.2 Â 10 22 cm 2 /s (0.19 AU mean free path) for the propagation to Ulysses. While smaller mean free path on high latitude field lines than on low latitude field lines is possible under some solar conditions, this is unexpected because Ulysses at that time was much farther away from the Sun, where the magnetic field is much weaker, unless the magnetic field turbulence there is much higher than it is expected. This seems to rule out parallel propagation along the magnetic field to Ulysses. If we use the three-dimensional model for the Ulysses observation and assume that the latitudinal distance to source particle is 30°and longitudinal separation is 0 and that the average parallel diffusion coefficient is 1.7 Â 10 22 cm 2 /s, same as for the Earth, the best fit yields a latitudinal diffusion coefficient of 6.9 Â 10 À2 rad 2 / day, which is equivalent to a perpendicular diffusion coefficient of 1.8 Â 10 20 cm 2 /s (or a mean free path of 0.0028 AU) at 1 AU. If the assumed parallel diffusion coefficient is larger, we can require a smaller cross-field diffusion. The lowest limit for the perpendicular diffusion coefficient is 4.6 Â 10 À2 rad 2 /day, or 1.2 Â 10 20 cm 2 /s at 1 AU.
Conclusion
[20] We have presented observations of solar energetic particles of the Bastille Day 2000 event obtained by Ulysses at high heliographic latitude and by spacecraft at the Earth in the solar equatorial. Comparisons of the observations at the two locations show that the modes of particle propagation to the Earth and Ulysses are quite different. Evidence from the particle onset times indicates that the Earth was directly connected by magnetic field lines to the CME shock that is the source of the particles. The initial onsets of particles arriving at Ulysses are delayed by many hours and the increase of flux is gradual, suggesting that the propagation to Ulysses might be through a diffusive transport mechanism. The first-order anisotropy of particle flux at Ulysses does not align with the magnetic fields, indicating that there is a cross-field diffusion flow in presence of particle density gradient pointing towards the low latitude. The observations suggest that energetic particles can move across magnetic field easily, a conclusion consistent with previous Ulysses observations of cosmic rays and CIR accelerated particles during the 1994 -1995 solar minimum. Because the required cross-field transport is large, a random walk of magnetic field line in corona may be required, particularly for those particles with low energies. However, it is not clear whether random walk of field lines caused by supergranulation on the solar surface is enough to explain the diffusion coefficient the observations require.
Appendix A: Modification of the Reid [1964] Model for Study of Solar Energetic Particle Propagation in Multidimensions [21] In the original Reid model, the particle transport was treated as homogeneous two-dimensional diffusion with a phenomenological constant decay. Particles are injected as a point source at one time. This may be suitable to particle transport across magnetic field from a small source to a location close to the Sun but separated in latitude or longitude. We have modified the model to other dimensions:
where the diffusion coefficient is still homogeneous but anisotropic. The solution to (1) SSH where H(t À t 0 ) is the Heaviside step function. We fit this function to the measurement of the particle time intensity profile to get an estimate of particle injection time and the diffusion coefficient. Since the spatial geometry is fixed, the fit can only yield a value for the sum
4k i for multidimensional diffusion. Additional assumption about the propagation mode must be made in order to derive the diffusion coefficient.
